Placental abruption, the premature detachment of the placenta from the uterine wall, before birth and after 20 weeks of gestation, is one of the most significant determinants of maternal morbidity as well as perinatal morbidity and mortality.
cludes MEDLINE), Embase, Science Citation Index, SCOPUS, and CINAHL databases from January 2005 through December 2016 using the following key words: "abruption," "abruption placentae," "premature separation of the placenta," "retroplacental hemorrhage," and "retroplacental hematoma." To identify outcomes, the key words "maternal," "neonatal," "perinatal," and "fetal" were used in conjunction with the outcome terms "outcomes," "morbidity," "mortality," "hemorrhage," "intensive care unit," "transfusion," "hysterectomy," "disseminated intravascular coagulopathy," "premature rupture of membranes," "mode of delivery," "cesarean," "labor," "preterm birth," "low birth weight," "small for gestational age (SGA)," "intrauterine growth restriction (IUGR)," "neonatal intensive care unit," "respiratory," "respiratory distress syndrome," "apnea," "anemia," "asphyxia," "need for transfusion," "anomalies," "cerebral palsy," "death," and "sudden infant death syndrome."
Only English-language, peer-reviewed, original research publications were reviewed. We excluded clinical case studies, animal studies, conference abstracts, and studies that lacked a referent/comparison group. Studies in which abruption was combined with other disorders to form a composite risk factor without provision of a separate risk estimate for abruption in particular were also excluded. Studies reporting risk of congenital anomalies 13 associated with abruption
were not formally included in this review, but are included in the references. After excluding duplicate publications and applying the aforementioned exclusion criteria, 123 articles were selected for this review. The summary tables in this review include outcome incidence among pregnancies with abruption versus those without abruption, as well as any available risk estimates, with preference given to adjusted risk estimates. Studies are organized first by type (cohort, followed by case-control), then by year of publication, and then alphabetical by first author. The term "mild" or "severe" abruption is used in the descriptive text of this review if the original authors described their results in that language, but it should be noted that there is substantial variation in how this is defined. Overall, the reported incidence of abruption in the reviewed literature ranged from 0.01 to 5.1%, but the majority of studies had an incidence ranging from 0.5 to 1.0% (►Table 1-7).
Obstetrical Morbidity
Cesarean delivery risk ranged from 2.4 to 61.8 (incidence range: 33.3-91%) and was the most frequently reported labor and delivery outcome associated with abruption (►Table 1). 2, 8, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] The variation in risk estimates is likely attributable to the specification of subpopulations or types of cesarean, as the lowest risk was seen in a cohort study of periviable neonates 14 and the highest risk was seen in nonplanned cesareans among multiparous women. 18 A single study did not find elevated risk of cesarean associated with abruption, but it was limited to deliveries 22 to 26 weeks and the nonabruption cesarean delivery rate was unusually high at 67%. 25 Abruption was also associated with 3.5 to 31.1 times elevated risk of relaparotomy following cesarean, [26] [27] [28] as well as need for hysterectomy. 15, 29, 30 One study that did not find an association with hysterectomy may have been underpowered, as they only had two cases of abruption among the hysterectomy group, but it was unclear how many cases of abruption presented in the overall study population. 31 We classify cesarean delivery, relaparotomy, and hysterectomy as obstetric morbidities, but it is important to note that cesarean delivery is often necessary in the setting of placental abruption to limit further oxygen deprivation to the fetus; to reduce blood loss for the mother; and, in extreme cases, to prevent the death of the fetus, the mother, or both. 2 Similarly, relaparotomy and hysterectomy are often necessary and life-saving measures when they are performed. The risks of performing these interventions must be weighed against the potential benefits of reduction in maternal and fetal morbidity and mortality.
Short-Term Maternal Morbidity and Mortality recent report examining outcomes associated with mild and severe abruption found elevated risk of several additional serious maternal complications, including pulmonary edema, puerperal cerebrovascular disorders, acute heart failure, acute myocardial infarction, cardiomyopathy, acute respiratory failure, and coma. 44 The degree of PPH associated with abruption is the likely explanation behind many of these serious maternal complications.
Preterm Birth and Fetal or Neonatal Size
Preterm birth (<37 weeks) was one of the most frequently reported outcomes associated with abruption (►Table 3). Estimated risk ranged from 1.2 to 31.7 with incidence ranging from 5.8 to 80.1%, but the majority of studies reported between 40 and 60%. 1, 2, 8, 15, 17, [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] Approximately 50 to 80% of preterm births in the setting of abruption are spontaneous (preterm labor or membrane rupture), but abruption is also considered the fourth most common cause of medically indicated preterm birth. 50, 64 Spontaneous preterm birth due to abruption is thought to be the result of bleeding from the separation of the placental which irritates the uterine lining and stimulates contractions which progress into preterm labor. 65 Similar to cesarean delivery, medically indicated preterm birth can be necessary in the setting of abruption to reduce the risk of maternal and perinatal morbidity and mortality.
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Abruption is also frequently reported as a risk factor for low birth weight, which is primarily related to the corresponding incidence of preterm birth described previously Maternal, Labor, Delivery, and Perinatal Outcomes Associated with Placental Abruption Downes et al. 939
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a All outcomes are reported as incidence among abruption cases versus nonabruption cases followed by risk estimates (confidence interval). When available, preference was given to adjusted risk estimates.
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This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. Although more than half (55%) of excess perinatal deaths associated with abruption are attributed to preterm birth, the elevated risk of perinatal mortality remains significant even after adjusting for preterm delivery and growth restriction. 1 It is plausible that perinatal deaths that are not due to preterm birth are attributable to asphyxia in the setting of abruption (see discussion later). While none of the studies that met inclusion criteria reported on the location of the abruption or the degree of separation, one case series of abruptions has reported that detachment 45%, central location, and concealed bleeding more frequently resulted in stillbirth and lesser detachment, marginal separation, and revealed bleeding were more often associated with neonatal asphyxia. 97 Overall, the results indicate that the characteristics of the abruption are likely important factors for determining likelihood of fetal survival.
Other Short-Term Neonatal Morbidities
The majority of the studies of neonatal outcomes associated with abruption have focused on low birth weight, preterm birth, and perinatal morality. A small number of publications have linked abruption and elevated risk of acidosis (a marker for exposure to hypoxia), 
Neonatal Long-Term Morbidity and Mortality
Finally, there were also long-term risks for the neonate associated with abruption, most of which were likely attributed to the in utero exposure to hypoxia (►Table 5). 
Subsequent Pregnancy Morbidity
Although there is comparatively less research on the topic, placental abruption in a previous pregnancy is associated with elevated risks in subsequent pregnancies (►Table 6). In particular, repeat abruption, preeclampsia, and small for gestational age are the most frequently reported risks in subsequent pregnancies. 20, 22, [121] [122] [123] [124] [125] [126] [127] [128] These three conditions have been collectively termed "ischemic placental disease" and it has been suggested that all three have an origin based in uteroplacental ischemia and it is plausible that they are different manifestations of the same disease. 121, 129, 130 With that understanding, rather than a cause and effect, abruption in a previous pregnancy may be a marker of underlying disease which also makes preeclampsia and growth restriction more likely to occur. A history of placental abruption has also been linked with thrombocytopenia, disseminated intravascular coagulopathy, renal impairment, and high-care admission >3 days among mothers, as well as spontaneous preterm birth <34 weeks and stillbirth among neonates, in subsequent pregnancies. 51, 126, 131 Maternal, Labor, Delivery, and Perinatal Outcomes Associated with Placental Abruption Downes et al. 947
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Abbreviations: AKI, acute kidney injury; aOR, adjusted odds ratio; aRR, adjusted relative risk; CD, cesarean delivery; ELBW, extremely low birth weight; FMH, fetomaternal hemorrhage; HIE, hypoxic-ischemic encephalopathy; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; NICU, neonatal intensive care unit; NR, not reported; NS, not significant; PPV, positive pressure ventilation; OR, odds ratio; RDS, respiratory distress syndrome; ROP, retinopathy of prematurity; RR, relative risk.
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was not attributed to preeclampsia, small for gestational age, or repeat placental abruption.
Long-Term Maternal Morbidity and Mortality
Finally, abruption has also been associated with long-term maternal renal and cardiovascular morbidity and mortality; notably, the risk of mortality is elevated for both cardiovascular and noncardiovascular causes (►Table 7). [132] [133] [134] [135] [136] [137] The elevated risk of cardiovascular-related morbidity and mortality may be a reflection of shared underlying pathophysiology that causes both the abruption and the future cardiovascular events. However, it is less clear how abruption increases risk of noncardiovascular deaths.
Discussion
In this systematic review, we examined the labor, delivery, maternal, and neonatal outcomes associated with placental abruption in more recent publications when known risk factors have changed. Placental abruption was associated with significant maternal morbidity and perinatal morbidity and mortality. There is preliminary evidence that abruption may increase the risk of several poor outcomes independently of preterm birth and that there may also be long-term risks for mothers as well as surviving neonates. There were several methodological issues in the abruption literature identified in the process of this review. After excluding selection errors and articles in which abruption was an outcome, approximately half of remaining articles were excluded from the review because they lacked a comparison group of any type. Without a referent group, it becomes impossible to determine whether the reported outcomes are occurring more or less frequently than would be observed without placental abruption. Other prominent issues were the lack of, or inconsistency in, definitions of abruption as well as the absence of type and severity information. There is evidence that the percentage of detachment and specific location of the separation are important factors for perinatal outcomes, yet that information is rarely reported. Additionally, as there is no gold standard for diagnosis, there is considerable heterogeneity in what is classified as an "abruption." When the method of identification was reported, clinical diagnosis of abruption by examination of the placenta in the delivery room was most common, but depending on the study, use of ICD-9-CM or ICD-10 discharge codes, or additional clinical criteria, such as abdominal pain or vaginal bleeding, was sometimes specified. Other studies relied on pathological examination of the placenta which, at present, has uncertain reliability and validity. 138 The lack of standardization of both definitions and reporting requirements alike makes it difficult to interpret and compare risk estimates from various populations. There was also substantial variability in the estimated incidence of abruption, which likely depended on the modality used to identify cases (clinical inspection vs. ultrasound vs. pathological inspection) as well as the particular definition used. At present, little is known about differences in outcomes associated with antepartum versus intrapartum abruptions as well as the latency period for delivery in mild cases. The few studies that did report timing associated with abruption reported the gestational age at delivery, which may or may not be the same as the gestational age at the time the abruption initially occurred. Therefore, we were unable to determine how frequently mild cases of abruption spontaneously resolved or the amount of time that passed between when the abruption occurred and the onset of labor contractions. The lack of information about the specific timing of the abruption itself also makes it more difficult to identify instances of chronic versus acute abruption. Certain outcomes could be used as proxy indicators, such as IUGR for chronic abruption and fetal distress for acute abruption. However, it is entirely possible that IUGR could have resulted from underlying placental dysfunction, which culminated with an acute abruption or that a chronic abruption suddenly worsened, leading to fetal distress. It is certainly likely that chronic and acute abruptions are associated with different patterns of maternal and fetal-neonatal complications, but it remains difficult to clearly distinguish the two with the current state of the science of placental monitoring. Beyond these issues, little is known about the effect of abruption on labor. It is possible that the hypertonic uterine activity that is frequently associated with abruption contributes to the development of labor contractions and may act in a synergetic manner, effectively shortening the duration of labor. Conversely, it could also be that the contraction pattern associated with abruption disrupts or interferes with labor contractions, which could then result in dysfunctional labor.
The optimal mode of delivery in the setting of abruption is also uncertain. Most countries report higher usage of cesarean delivery in the setting of abruption, but again, it is unclear whether these studies were including mild or severe cases (or both). 2, 8, 22 Case studies (not included in this review) in countries that reported low usage of cesarean in this setting (25-40%) also typically reported higher perinatal mortality (40.4-67.9%), indicating possibly low resource settings. [139] [140] [141] [142] It is difficult to determine whether vaginal delivery resulted in more intrapartum fetal deaths, or whether the mother had a vaginal delivery because there was an antepartum fetal death. It may be that cesarean delivery is associated with better birth outcomes in certain circumstances, but these circumstances remain to be identified. Surprisingly, little has been published on delivery practices with abruption in the United States. In one study that met the criteria for this review, 48% of abruption cases were delivered by cesarean, but this study was based on deliveries occurring prior to 2005 and focused exclusively on periviable neonates. 14 Current estimates in a general, representative population remain unknown. Finally, as a broader methodological issue, there was considerable variation in both the reporting and analysis of related conditions (preeclampsia, IUGR) when estimating risk attributed to abruption specifically. In some instances, these conditions were analyzed as covariates 20, 127 ; in others, the presence of these disorders was an exclusion criteria 136 or the conditions (and whether they were present or absent)
were not mentioned at all. 1, 2, 73 The optimal methods for accounting for the relative contribution of these related conditions to maternal and neonatal outcomes is not established, but standardizing the reporting of the incidence and how frequently they co-occur with abruption would be advisable. Likewise, it is not clear how frequently other placental disorders (abnormal cord insertion, single umbilical artery, etc.) co-occur with abruption and how such combinations may impact the outcomes.
Conclusion
Beyond elevated risk of low birth weight, preterm birth, and perinatal mortality, little is known about the short-term or long-term perinatal/neonatal morbidity associated with abruption. Only a handful of studies have examined other outcomes and those have yielded conflicting results. It is also unknown whether these outcomes are found only in severe cases or if mild cases of abruption are also associated with elevated risks. Despite these limitations, it is clear that placental abruption is associated with significant maternal morbidity and perinatal morbidity and mortality. There is preliminary evidence that abruption may increase the risk of several poor outcomes independently of preterm birth and that there may also be long-term risks for surviving neonates. Our findings underscore the growing recognition for need of standardized definitions of both placental abruption and morbidities in obstetrics to improve comparison of outcomes across research studies and populations. 143 Future studies should include more detailed information about the abruption location, percentage of detachment, and, preferably, the timing and severity of the abruption.
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